NASA TECHNICAL
MEMORANDUM

NASA T™M X-73331

(NASA-TM=X=-73331) NATURAL ENVIRONMERNT N76-33100
DESIGN REQUIREMENTS FOR THE SPACE TELESCOPE
(REVISION A) (NASA) 7 p HC $3.50 CSCL 14B
Unclas
G3/89 03439

NATURAL ENVIRONMENT DESIGN REQUIREMENTS FOR THE
SPACE TELESCOPE (REVISION A)

By George S. West and Jerry J. Wright
Space Sciences Laboratory

September 1976 X:\’ oCT 978

NASA R >

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama




REPORT NO. 2. GOVERNMENT ACCESSION NO.
NASA TM X-73331

TECHNICAL REPORT STANDARD TITLE PAGE

3, RECIPIENT'S CATALOG NO.

TITLE AND SUBTITLE
Natural Environment Design Requirements for the
Space Telescope (Revision A)

5. REPORT DATE
September 1976

6. PERFORMING ORGANIZATION COOE

AUTHOR(S)
George S. West and Jerry J. Wright

8, PERFORMING ORGANIZATION REPORT #

PERFORMING ORGANIZATION NAME AND ADDRESS

George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812

10. WORK UNIT NO.

11. CONTRACT OR GRANT NO.

12.

SPONSORING AGENCY NAME AND ADDRESS

National Aeronautics and Space Administration
Washington, D, C. 20546

13, TYPE OF REPOR" & PERIOD COVERED

Technical Memorandum

14, SPONSORING AGENCY CODE

15.

SUPPLEMENTARY NOTES

Prepared by Space Sciences Laboratory, Science and Engineering, MSFC

ABSTRACT

This report presents the natural environment design requirements for the
Space Telescope. Because the Space Telescope is to be carried as ''cargo' to
orbital altitudes in the Space Shuttle bay, orbital envirorment impacts are the
main concern of the report, This document supersedes NASA TM X-73316,

July 1976,

17.

KEY WORDS 18. DISTRIBUTION STATEMENT

Space Telescope )j%ﬂfld/ /1/1‘4{

Natural Environment Design Require-
ments

Unclassified — Unlimited




6.0

TABLE OF CONTENTS

PURPOSE AND SCOPE . . ., . .

NATURAL ENVIRONMENT — GENERAL

NEUTRAL ATMOSPHERE —ORBITAL ALTITUDES

CHARGED PARTICLES . ...

RADIATION. . . .. ... ...

5.1 Galactic Cosmic Radiation

5.2 Trapped Radiation . . . . . .

5.3 Solar Particle Events

METEOROID . .. ... ....

ASTRODYNAMIC CONSTANTS .

‘.!'

=
i

H R e B o R o 4 2 AT L =

PO

S




s ottt

e - T4 AN

A A N R R e SRR e i e e i e e e e

T

Technical Memorandum TM X-73331

NATURAL ENVIRONMENT DESIGN REQUIREMENTS
FOR THE SPACE TELESCOPE (REVISION A)

1.0 PURPOSE AND SCOPE

The definition of natural environment design requirements for
Space Telescope missions,

2,0 NATURAL ENVIRONMENT — GENERAL

The natural environment criteria given in this report are con-
sistent with those specified for the Space Shuttle system and will be
used for the design of the Space Telescope with respect to radiation,
atmospheric characteristics at orbital aititudes, and other pertinent
natural environment requirements. Design value requirements of
natural environment parameters not specifically defined herein will
be obtained from NASA TM X-64757, "Terrestrial Environment
(Climatic) Criteria Guidelines for Use in Space Vehicle Development,
1973 Revision, " 1973 [1], and NASA TM X-64627, "Space and Planetary
Eavironment Criteria Guidelines for Use in Space Vehicle Develop-
ment, 1971 Revision,'" November 15, 1971 [2]. The Space Telescope
will be subject to environmental factors peculiar to the Space Shuttle
during assembly, checkout, launch, and attainment of orbital posi-
tioning prior to removal of the Space Telescope from the Shuttle bay;
therefore, appropriate Shuttle documents should be consulted when the
Space Telescope is 'cargo' in the Space Shuttle.

Natural environmental data required in design or mission
analyses for the Space Telescope and not contained in the previously
cited documents will be requested from or approved by the Aerospace
Environment Division, Space Sciences Laboratory, Marshall Space
Flight Center, through the cognizant NASA Contract Representative
prior to use,

3.0 NEUTRAL ATMOSPHERE — ORBITAL ALTITUDES

3.1 The Jacchia 1970 Modcl Atmosphere will be used, See
Appenrlix B, NASA TM X-64627, for details.
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3.2 The design steady state values of the orbital neutral
atmospheric gas properties shall be calculated using a value of 230
for the mean 10.7 c¢m solar flux and a geomagnetic index (ap) of 20.3

with a local time of day of 0900 hr as inputs to the Jacchia 1970 Model
Atmosphere.

3.3 The design short-time extreme values of the atmospheric
gas properties shall be calculated using a value of 230 for the mean
10,7 cm solar flux, a geomagnetic index (ap) value of 400, and a local

time of day o 1400 hr as inputs to the Jacchia 1970 Model Atmosphere.
These orbital neutral atmospheric gas property values represent an
estimate of the conditions that may occur for a short period of time

(12 to 36 hours) during an extremely large magnetic storm,

4.0 CHARGED PARTICLES

The electron density values and data in Section 2,3 of NASA
TM X-64627 shall be used.

5.0 RADIATION

In addition to the following, use Section 2.4 of NASA TM X-
64627, The Space Telescope shall be designed to provide the necessary
protection to insure that the safe dosage limits for the equipment are
not exceeded.,

5.1 Galactic Cosmic Radiation, Galactic cosmic radiation
consists of low-intensity, extremely high-energy charged particles,
These particles (approximately 85 percent protons, 13 percent alphas,
and the remainder heavier nuclei) bombard the solar system from all
directions. They have energies from 10% to 10! electron volts per
particle and are encountered essentially everywhere in space. The
intensity of this environment in '"frec space'' (e.g., outside the influ-
ence of the Earth's magnetic field) is relatively constant (0,2 to 0.4
particles per square centimeter per steradian per second) except
during periods of enhanced solar activity when the fluxes of cosmic
rays have been observed to decrease due to an increase in the strength
of the interplanctary magnetic field which acts as a shield to incoming
particles., Near the Earth, cosmic rays are similarly influenced by
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the Earth's magnetic field, resulting in a spatial variation in their
intensity, The extreme of the galactic cosmic ray environment is at
sunspot minimum. The environment is constant and may be scaled
down to 24 hours. See Section 2.4.1 of NASA TM X-64627 for addi-
tional data on this subject,

5.2 Trapped Radiation. The trapped radiation environment
will be taken from the most recent data of NASA SP-3024 (seven
volumes) [3] and NSSDC 72-06 [4]. The proton models used are the
Ap5, Apb6, and Ap7; and the electron models are AE4 and AES,

5.2.1 Near-Earth Environment. The radiation belts trapped
near the Earth are approximately azimuthally symmetric, with the
exception of the South Atlantic anomaly where the radiation belts
reach their lowest altitude. The naturally occurring trapped radiation
environment in the anomaly region remains fairly constant with time,
although it does fluctuate with solar activity, Electrons will be
encountered at low altitudes in the anomaly region as well as in the
auroral zones.

5.3 Solar Particle Events. Solar particle events are the
emission of charged particles from disturbed regions on the Sun
during solar flares, They are composed of energetic protons and
alpha particles that occur sporadically and last for several days. The
free-space particle event model to be used for Space Telescope orbital
studies is given in Section 2.4.3.,1 of NASA TM X-64627,

6,0 METEOROID
The meteoroid model is defined in Section 2,5.1 of NASA TM
X-64627,

7.0 ASTRODYNAMIC CONSTANTS

The values given in Sections 1,6 and 2.7 of NASA TM X-64627
shall be used,
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